, arrows). To address whether the observed movement was caused solely by subtle changes in focal planes during the time courses, we followed a time course of cells expressing GFP-MreB (WM2024), which forms a helical pattern in E. coli cells most easily observed by 3D image reconstruction [9] . Although the coiled pattern was reminiscent of that made by FtsZ-GFP, little if any movement was detected during a 2 min time period (Figures 1D, 2A , and 2B; Movie 4), suggesting that GFPMreB localization is relatively static in E. coli and that the majority of the FtsZ-GFP movement seen in other time-lapse images was not a result of focal-plane changes. another occurred with visible periodicity; nevertheless, ( Figure 4B , arrows) and in a fashion similar to that of GFP-MinD in round rodA mutant cells [18] . However, the rapid traffic within the helix-like pattern remained ( Figure 3D and Movie 6). Cells containing ftsZ84(ts) as the fluorescence intensity was sufficiently low to make it difficult to state conclusively that FtsZ-GFP was exhibwell as ⌬minCDE (WM1993) were also examined and were found to exhibit similar FtsZ-GFP movement withiting oscillatory movement in these cells. The oscillation period and localization pattern of GFP-MinD in round out obvious oscillations (Figures 3E and 3EЈ; Movie 7) .
FtsZ-GFP Moves in Slow Oscillatory
We can conclude from these data that the Min procells is known to be highly variable, even within the same cell [18] , and therefore could not serve as a guide teins, which move in a helical pattern, are not required for the rapid mobility of FtsZ or its helix-like pattern.
for 3DЈ, 3E, and 3EЈ and data not shown) , we cannot patterns featured directional drift and the formation of multiple simultaneous assembly points ( Figure 4C ), as rule out the possibility that a more subtle Min-independent FtsZ-GFP oscillation that cannot easily be detected observed previously [18] . may be occurring. reconstruction cannot be used to localize fluorescence undergoing extremely rapid movement. We propose that 2F, and 3E; data not shown). These differences could be explained by subtle changes in the focal plane. However, upon disassembly of the Z ring, FtsZ in daughter cells is redistributed to and stored in a highly dynamic helical given that such changes were not evident in the GFPMreB time course (Figures 1D, 2A, and 2B) , an equally FtsZ cytoskeleton, which may be analogous to cytoplasmic microtubules in eukaryotes, until the next Z ring likely possibility was that the FtsZ helix-like pattern itself might be able to shift translationally. Deconvolution miis assembled. Although a potential FtsZ helix was harder to detect in normal cells with Z rings, probably because croscopy would normally be useful for visualizing the differences in helix-like localization but in this case did non-ring fluorescence was depleted, we speculate that such a putative helix persists and creates the reservoir not help because meaningful deconvolution of optical sections cannot work when the fluorescence moves for rapid FtsZ turnover of monomers observed by FRAP [12] . It is possible that the FtsZ helices observed during while sections are being obtained.
Implications and Conclusions

Our results indicate that FtsZ exists in two states in
To further explore the identity of the helix, we asked sporulation of B. subtilis to address in the future is whether this putative FtsZ
